In this paper, the overall framework for chilled water system in heating, ventilation, and air-conditioning (HVAC) system was analyzed, then aiming at the chilled water system, the control loop in secondary pump frequencypressure difference was identified and the Generalized Prediction Control (GPC) algorithm was designed and deployed for the strategy of fixed pressure difference control. The GPC algorithm adopts multi-step prediction, rolling optimization and feedback correction method to suit a wide range of process. Simulation and experimental results demonstrate that the designed GPC algorithm has obvious advantages in effectiveness and superior performance with strong tracking and anti-jamming capability, compared with conventional manually tuned PID control algorithm.
. Architecture of chilled water system
Chilled Water System Identification and Parameter Estimation

Basic Theory of System Identification
According to L. A. Zadeh (1962) , the system identification is a process of finding a model equal to the measurement system with input and output data from a given model class. Its rationale is shown in Figure 2 . Computer and Information Science Vol. 6, No. 4; 2013 Usually, the successive approximation method is used to get the estimated value of model parameter θ. At the time of k, the model output value can be calculated out according to the estimated parameter value at the time of k-1, which is called predicted value. 
and the input of the identification expression h(k) can be measured. The prediction error ( ) z k  is put into identification algorithm and the estimated parameter value ˆ( ) k  in time k can be calculated under certain rule and accordingly, the model parameter can be updated. Thus, the iteration is done until the criterion function attains its minimum value. At this time, the model output ˆ( ) z k is the best approximation to system output value z(k) under such criterion to obtain the desired model (Bai & Zhang, 2007; Kusiak & Xu, 2012) .
Identification Algorithm
In this paper, the least-squares algorithm was used for system identification. The model structure was determined firstly, and then the optimal parameters of the system model were determined under the structure. This method can be transformed into recursive form which gradually replaced the classical identification algorithm to be the most common method.
The system input and output relation can be expressed in the form of least squares.
In the Formula (3), e(k) is the random noise and its mean is zero. When K=1, 2, …, L, the above formula can be expressed as matrix form
where
e e e L   . Taking criterion function,
and minimizing J(θ), the estimated parameter value of θ can be obtained to make the output of the model predicted accurately.
The formulas listed above were expanded and the two vectors differential equations were used, shown in Formulas (7) and (8).
( )
where P is a symmetric matrix, the canonical equation can be drawn as
and The least square model can be expressed as
) can be combined into different model classes.
and z(k) are the input and output sequence of the model, v(k) is unpredictable zero-mean white noise, z -1 is the unit backward shift operator, z -1 z(k)=z(k-1). The following models are usually used in identification:
Identification Results and Analysis
In the experimental platform, the secondary pump is variable-speed pump, and the chilled water pressure control loop can be identified.
Step 1 Step 3: The cutoff frequency is calculated by loading the secondary pump with the sinusoidal frequency signal. The amplitude of sinusoidal signal is 7.5 varying from 25 to 40 Hz. The cutoff frequency f max of the system is 0.18 Hz in the experiment. Vol. 6, No. 4; 2013 Step 4: Secondary pump frequency is loaded with M-sequence signal ( Figure 6 ). M sequence sampling time Δt<=1/(3* f max )=2.08s, and let Δt = 2s. Figure 6 . Input and output data of control circuit in secondry pump frequency -pressure After a least squares identification, the ARX441 model can be described as Formula (16). 
Design and Simulation of GPC Algorithm
Generalized Predictive Control
An n input, n output multi-variable is represented by the following controlled autoregressive and integrated moving average (CARIMA) model (Xu & Li, 2007) :
where A(z -1 ), B(z -1 ), C(z -1 ) are the polynomials of retrusive operator z -1 .
where y(t), u(t) and ξ(t) are n×1 vector of output, input and noises respectively, and ξ(t) is irrelevant white noise sequence. For simplicity, the matrix C(z -1 )=I n × n . The multi-stage cost function has the following form:
where E is the mathematical expectation, ( )
is the control weighting coefficient matrix,
is a k-step prediction output at the time of j, and y r (k+j) is the reference trajectory determined by the following formula: Establish Diophantine equation:
where E j , F j , G j , H j are unique polynomial matrices of order j-1. Therefore, j-step optimal predictive control is
Through minimizing the objective cost function, the future optimal control variable is
From the above, define 
Simulation of the Control Algorithm
The supply and return water pressure is the controlled object in chilled water system. The generalized predictive control principle used in this paper is shown in Figure 7 . In the figure, w(k) is the set value of differential pressure, y r (k+i) is reference trajectory, y e (k+i) is corrected output, u(k) is control input, d(k) is random disturbance, y m (k+i) is the calculated value of prediction models, y(k) is the current output value of the pressure difference. Settling time /s 6 12 8
As can be seen from the time domain, the overshoot of PID algorithm, ZN-PID algorithm and the GPC algorithm were 18.6%, 3% and 0%, the rise time are 7s, 14s and 14s, peak time are 10s, 18s and 19s, settling time are 6s, 12s and 8s respectively. Therefore, GPC algorithm achieves the best performance.
Experimental Results and Analysis
PID and GPC algorithm were adopted respectively for the control loop of the secondary pump constant pressure difference in chilled water system, and the control results were compared and analysed.
The Response of a Setting Value
Pressure difference setpoint changes from 76 kPa to 90 kPa, and chilled water pressure difference using ZN-PID control algorithm is shown in Figure 9 . Step control for constant pressure difference with GPC algorithm
The above experimental results show that PID and GPC algorithm has good following performance to step control. Comparing the control results from Figure 9 and Figure 10 , while overshoot of the PID algorithm is 0.83%, settling time of rising edge and fall edge are 14s and 29s respectively, overshoot of the GPC algorithm is 1.56%, settling time of rising edge and fall edge are both 10s.
Disturbance Response
Disturbance Response Based on NN-PID Algorithm
With the pressure difference setpoint of 90 kPa, the load changes of the two AHUs lead to the changes of the valve opening, and thereby causing the chilled water flow changes. System adjusts the secondary pump frequency to maintain the pressure difference setpoint based on PID control algorithm. Control results are shown in Figure 11 . And chilled water valve opening and chilled water flow are shown in Figure 12 and Figure 13 respectively. 
Disturbance Response Based on GPC Algorithm
With the pressure difference setpoint of 86 kPa, the load changes of the two AHUs lead to the changes of the valve opening, and thereby causing the chilled water flow changes. System adjusts the secondary pump frequency to maintain the pressure difference setpoint based on GPC control algorithm. Control results are shown in Figure 14 and chilled water valve opening and chilled water flow, shown in Figure 15 and Figure 16 respectively. Figure 14 show that the PID algorithm is more stable, however GPC algorithm can quickly reject the disturbance caused by valve opening and reach the set value quickly.
Conclusions
In this paper, the GPC algorithm was designed and deployed on the constant pressure difference control strategy for chilled water based on the modeling of the secondary pump frequency -pressure control loop. Simulation and experimental results show that the designed GPC algorithm has strong anti-jamming capability and tracking performance, and can be used for central air conditioning water system.
